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Introduction
The destruction of the stratospheric ozone layer, first predicted 1974 [1] , will result in increasing UV-B levels in the sunlight spectrum on the earth's surface. Because o f the high biological activity of this radiation, it will be o f fundamental interest to understand UV-B-protective mechanisms realized in plants. A more extensive knowledge o f the basic mechanisms o f UV-B-sensitivity and -resistance, respectively, will be helpful to classify plant species in general, as well as for breeding new plant cultivars. Establishing reliable UV-B stress parameters in plants will be one step, screening for UV-B resis tant varieties adapted to high UV-B levels [2, 3] an other step in reaching this goal.
Flavonoids are supposed to be potential UV protective compounds, due to their strong selective 1) Mutants with a genetic block in an early step of phenylpropanoid and/or flavonoid biosynthesis could serve as useful UV-B sensitive model sys tems. Recently, mutants of Arabidopsis thaliana, deficient in different steps of phenylpropanoid synthesis have been described [18] which appeared to be more sensitive to UV-B light than wild type plants.
2) The second approach is based on the reduc tion of compounds of general phenylpropanoid me tabolism by application of an efficient inhibitor of phenylalanine ammonia-lyase (PAL; EC 4.3.1.5), the key enzyme of general phenylpropanoid me tabolism. In recent years several inhibitors of PAL have been investigated [19, 20] . Anthocyanin bio synthesis in buckwheat (Fagopyrum esculentum L.) hypocotyls served as a model system to determine the in vivo efficiency o f various inhibitory ana logues. Recently, the synthesis of a new com pound, 2-aminoindan-2-phosphonic acid (Fig. 1) , was described [2 1 ], which seems to be the strongest inhibitor o f PAL in vivo known so far. Thus, AIP could serve as a powerful tool to study functional aspects and the biological importance of phenyl propanoid compounds.
In rye primary leaves, a series of HCA esters, primarily o f /7-coumaric and ferulic acid, were found to be localized specifically in the epidermal layers [22] [23] [24] , These compounds may serve as ad ditional major UV-screens together with epider mal flavonoids and flavonoids located in subepidermal layers of the photosynthetically active me sophyll [24, 25] . In the present work, we were able to reduce the concentrations of phenylpropanoid compounds in rye primary leaves by application of AIP to young seedlings. Analysis of Chi a fluorescence o f PS II after UV-B irradiation of the plants revealed high er UV-B sensitivity as compared to leaves o f con trol plants with normal phenylpropanoid levels, indicating UV-B protective functions o f these compounds. The quartz sand was extensively washed with MeOH and double destilled water and dried at 100 °C before use. To this substrate the corre sponding solution was added (50 ml) and dishes were covered with transparent plastic lids. Seed lings were grown under standardized conditions in a phytotron as described earlier [22] for 72 h. Sub sequently, the seedlings were transplanted to a wa ter soaked peat/soil mixture and cultivated until an age of 7 days. 
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Materials and Methods
Chemicals
UV-B irradiation
Extraction and quantification o f phenylpropanoid compounds
Whole primary leaves and leaf segments from fluorescence measurements were homogenized and extracted with 40% MeOH in a mortar at room temperature. After centrifugation and two additional washing steps of the pellet, the clear supernatants were analyzed by high-performanceliquid-chromatography (HPLC). The HPLC sys tem LC-10A of Shimadzu (Tokyo, J) was used in combination with the Shimadzu C-R 5A integra tor. Separation of the compounds was performed on a Nucleosil RP-8 column (125 mm/4.6 mm, 5 [im grain size; CS Chromatographie, Langerwehe, F.R.G.) at a constant flow rate of 1 ml min" 1 using a linear gradient from 6 % to 16% MeOH, 10% to 18% tetrahydrofuran and 84% to 6 6 % water containing 1% o-phosphoric acid within 15 min. Re-equilibration was achieved by a 1 0 min isocratic rinse with the initial solvent composition. Phenylpropanoid compounds were detected at 340 nm (flavonoids), 300 nm (HCA es ters) and 520 nm (anthocyanins), respectively. Cali bration for quantification of flavonoids was per formed with authentic compounds from our labo ratory collection. For HCA esters, ferulic acid and /j-coumaric acid (Roth) served as standards and the mean value of both compounds was used for quantification. Fig. 2) . At the tissue level, epi dermal flavonoids and hydroxycinnamoyl esters were reduced by 65%, after cultivation in 10 jim AIP while flavonoids of the mesophyll tissue were reduced by 43%, as compared to control plants.
Extraction o f amino acids and quantification o f phenylalanine and tyrosine
Primary leaves of
Fifty percent inhibition of flavonoid biosynthe sis could be achieved with approximately 1 0 ^im AIP (/50-value). Reduction of flavone glycosides and HCA esters is correlated with the decrease of anthocyanins (Fig. 2) , which makes the anthocyanin a reliable visible marker for the extent of phenylpropanoid and flavonoid inhibition in this system.
With increasing concentration of AIP the inhi bition o f phenylpropanoid metabolism became proportionally less efficient (Fig. 2) Fig. 3) .
In many plant systems, notably grasses, tyrosine ammonia-lyase (TAL)-activity is detectable in vitro [30] . Since AIP was found to be an effective inhibitor also of TAL from several grasses (N. Amrhein, personal communication), we investi gated the extractable tyrosine-pool from rye leaves. N o increase of tyrosine was found in leaves cultivated in AIP compared to the controls (data (Fig. 4b) . In contrast, only a slight decline from 0.81 to 0.78 was observed in irradiated leaves culti vated in absence of the inhibitor (Fig. 4 a) .
Corresponding (Fig. 4a) is caused only by the slight decrease of the maximum fluorescence Fm (Fig. 6 a) . In con trast, leaf segments with reduced flavonoid and HCA ester levels showed, apart from a more dras tic decrease in Fm, a slight increase of F0 (Fig. 6 b) , which contributes to the stronger decline o f Fv/Fm (Fig. 4b) during UV-B irradiation.
Discussion
The aim of this work was to investigate the pos sible protective function of phenylpropanoid com pounds against UV-B radiation, by reducing their content in rye primary leaves and measuring the damaging effects of UV-B radiation on photosyn thesis. The new efficient inhibitor of PAL (EC 4.3.1.5), 2-aminoindan-2-phosphonic acid, seems to be an excellent tool for studying biological func tions of phenylpropanoid compounds in plants. Using this inhibitor, a strong reduction of both, hydroxycinnamoyl esters and flavonoids, could be In spite of the inhibition o f phenylpropanoid synthesis produced by AIP in the rye system, the observed effect is much smaller (/50-value for rye primary leaves is about 10 |iM ) than in buckweat hypocotyls, where an AIP concentration of 1.5 ^m resulted in a 50% inhibition of anthocyanin syn thesis [21] . Buckwheat hypocotyls were, however, cultivated in direct contact with inhibitor solution, whereas in our system AIP was mainly taken up by the roots. The observed stronger inhibition of phenylpropanoid biosynthesis in the outer epider mal layers compared to the inner mesophyll tissue in rye (Fig. 2) 
